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Circuit senses high-side current 

Bob Bell and Jim Hill, On Semiconductor, Phoenix, AZ 



T 



he accurate, high-side, current 
sense circuit in Figure 1 does 
not use a dedicated, isolated 



Figure I 



supply voltage, as some schemes do. Only 
the selected transistors limit the com- 
mon-mode range. The circuit measures 
the voltage across a small current-sense 
resistor, R s . The operation of the circuit 
revolves around the high-side current 
mirror comprising and Q 2 . All the cir- 
cuit components have one overall func- 
tion: to make the collector currents equal 
in Q, and Q r The additional current mir- 
ror using Q 3 sets the values of the collec- 
tor currents. The collector current is 
(V C( .-0.7)/(R 5 +R 6 )=*100 |xA. You can 
best calculate the gain of the circuit by 
analyzing the loop formed by R,, R^ R 2 , 
Q IB (emitter base), and Q 1A (base emit- 
ter). In Figure I, the currents are I s , the 
high-side measurement current; I, and 
the mirror currents of Q 1A and Q 1B ; and 
I 3 , a branch current from the emitter of 

When you sum the currents around 
the loop, fViy + (I 2 -R 2 )+VQ 1B (e-b)- 
((1, + !,)^,)= 0. Because 1,=^, R ( = R 2> 
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NOTES: Id IS AN MC33202 RAIL-TO-RAIL OP AMP. 

Ch AND Q 2 ARE SC-88 MBT3906 DUAL PNPs. 
0.3 COMPRISES MBT3904 SC-88 DUAL NPNs. 
Q4 IS A 2N7002 SOT-23 FET. 



This circuit measures high-side currents without the need for auxiliary power supplies. 



and the emitter-base voltages are equal, 
I 3 =I S -R S /R 1 . Looking at the remaining 
circuitry, the op amp keeps the transis- 
tors' collector currents equal by control- 
ling I 3 through Q 4 . Therefore, the overall 
transfer function is V OUT =I s R s R G /R r 
For R G = 1 kfl, the transfer function is 
V OUT =0.5-I S . The circuit can operate over 
a common-mode input range of approx- 



imately 10V to several hundred volts, 
limited by the selected transistors. 



Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn 
mag/vote.asp. 
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Adjustable filter provides lowpass response 

Richard Kurzrok, Queens Village, NY 



YOU CAN CONFIGURE 
simple lowpass filters 
as pi sections with 
nominal three-pole, 0.1- 
dB Chebyshev response 
to provide a moderate 
amount of stopband 
selectivity. You can put 
four of these filters into 
one enclosure and then 
select discrete-filtering 
steps by using toggle 
switches. Manufacturers 
of commercially avail- 
able stepped attenuators 
and adjustable baseband 
equalizers commonly use 
this technique (Reference 
1). In an adjustable low- 
pass filter, each filter 
section uses commonly 
available components 
(Figure 1). This example 
uses filter-section cutoff 
jencies for standard 
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Figure l 
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SECTION 2 
f c =3.083 MHz 
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f c =14.491 MHz 



La 



1 (iH 

CsJL Cg 

270 270 

-4 — d 



NOTE: ALL SWITCHES ARE DOUBLE-POLE, DOUBLE-THROW TOGGLE SWITCHES. 

I A s wit enable lowpass filter provides a choice of four distinct cutoff frequencies. 
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inductors and capacitors without the 
need for any extra components in series 
or parallel. Fixed inductors are Coilcraft 
90 series axial-lead chokes with ±10% 
tolerance. Fixed capacitors are poly- 
propylene units, available from any dis- 
tributor, with ±2% tolerance for the 
1200-pF devices and ±5% tolerance for 
the other values. 

The adjustable lowpass filter is in a 
3.625-in.-longX1.5-in.-wideX 1.0625- 
in.-high Bud CU- 1 23 die-cast aluminum 
box with input and output BNCs. Minia- 
ture toggle switches for the individual fil- 
ter sections are accessible at the enclo- 
sure's exterior. Internal ground returns 



use solder lugs. The four filter sections 
have 5011 characteristic impedance and 
nominal 3-dB cutoff, from left to right in 
Figure 1, of 3.083, 6.586, 14.491, and 
21.310 MHz. Table 1 shows the measured 
amplitude response for the box alone and 
for the four individual filter sections. The 
low-cost, adjustable lowpass filter deliv- 
ers reasonable performance. As the fre- 
quency approaches 100 MHz, the trans- 
mission performance of the enclosure 
deteriorates with all filter sections 
switched to the off position. The inter- 
connections between switched sections 
use available bus wire without any pre- 
cautions to minimize parasitic circuit el- 



ements. Stray series inductance, estimat- 
ed at approximately 55 nH, arises from 
the 3.5-in. physical length of the enclo- 
sure, plus 2 in. for the four switches. 



Reference 

1. Kurzrok, Richard, "Adjustable-am- 
plitude equalizer provides small discrete 
steps," Electronic Design^ May 31, 1999, pg 
76. 



Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn 
mag/vote.asp. 



Monitor high-side current 
without an external supply 

Vijay Damle, Digitronics, Pune, India 



TYPICAL HIGH-SIDE CUr- 
rent-sensing circuits re- 
quire a dc source that is 
2.5 to 13V greater 
than the V+ high- 
bus voltage (Figure 1). Gen- 
erating this supply is painful 
in many situations. For ex- 
ample, in power supplies for 
TV transmitters, the main 
SMPS (switch-mode power 
supply) output supplies the 
power amplifier, and a series 
switching regulator steps 
down the main SMPS output 
to drive the exciter. The sys- 
tem must remotely display 
the currents of both of these 
supply outputs, with to 
50A corresponding to to 
5V referred to sense V — . Because of the 
presence of a series switch, the V— lines 
of both outputs are common. Thus, you 
cannot use shunts in the V— line and 
amplify. Shunts are necessary on the 
positive bus of both the outputs. The 
main output supplies 30 to 45V at 30A, 
and the exciter supply outputs 22 to 26V 
at 10A. You need costly Hall-effect 
sensors to achieve the proportional out- 



2.5 TO 13V - 



BUS 




(LIMITED BY 
OP-AMP 
SPECIFICATIONS) 



CURRENT- 
PROPORTIONAL 
OUTPUT 



Typical high-side current-sensing circuits require a dc source that is 2.5 to 
I3V greater than the V+ high-bus voltage; generating this supply can be dif- 
ficult. 



put, though isolation is not required. 

An alternative approach for this appli- 
cation takes advantage of low-offset op- 
amp characteristics to design a circuit 
that works with a wide voltage range and 
needs no other supply. The V+ and in- 
verting and noninverting terminals of the 
OP07 op amp need a minimum of ap- 
proximately 2 to 2.5V to function prop- 
erly. Thus, you can pull the op amp's in- 



puts by more than 2.5V be- 
low the positive-supply 
connection and tie the op 
amp's V+ pin to shunt V+ 
( Figure 2). 

In the circuit, IC 2 with 
R ]0 and R n generate a 15V 
output. The R 3 and R 6 pair 
and R 5 and R s pair form di- 
viders such that the op 
amp's inverting and nonin- 
verting inputs are approxi- 
mately 3 V less than the V+ 
supply of the op amp. You 
can use R ? and R g to trim 
the offset to avoid the need 
for potentiometers. Op 
amp IC [ and generate a 
current that is proportion- 
al to the shunt voltage. R, 2 
generates a voltage that is proportional to 
the drop across shunt R 4 . R l trims the 
gain. 

If you use this circuit at less than 25V, 
then you can delete IC 2 , R 10 , and R,,. You 
should also ground IC^s V— pin by 
shorting R 2 , and you can replace R 2 with 
a constant-current source to reduce the 
power due to bus-voltage variation (Fig- 
ure 3.) 
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Figure 3 



A modified current-monitoring circuit pulls the op-amp inputs below the positive supply voltage. 



This circuit was tested for to +55°C, 
and it maintained proportional output 
within ± 1% for a bus-voltage variation 
of 25 to 45V over this temperature range. 

This approach has many advantages. 
An externa] supply is unnecessary. The 
circuit is suitable for bus voltages of 5 to 
60 V with component changes. Other cir- 



cuits have limitations due to op-amp ab- 
solute-maximum voltage ratings. The 
circuit acts as the minimum load that 
SMPS outputs normally require, which 
eliminates or reduces high-wattage re- 
sistance across the output. You can easi- 
ly scale the circuit for different propor- 
tional outputs. You can add a buffer 




At voltages less than 25V, you can replace R ; 
with a constant-current source. 

amplifier to reduce the output imped- 
ance, and the buffer can derive its sup- 
ply across R 2 , which increases its operat- 
ing supply range by 15V or more. One 
limitation is that, in the case of a short 
circuit, the current-proportional output 
drops to zero. 

Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn 
mag/vote.asp. 



Noncontact device tests power supplies 

Alberto Ricci Bitti, Eptar, Imola, Italy 



T 



he probelike device in Figure 1 j 
comes in handy as a quick go- 



no-go test for step-down 
power supplies. You can build it using a 
very bright surface-mount LED and an 
inductor of the same type as in the pow- 
er supply, which in this case is 100 pH. 
Placing this probe close to a working 
step-down power-supply coil lights the 
LED. The probe lights when the distance 
from the step-down coil is as much as 1 
cm, making the probe capable of testing 
even plastic-encased or epoxy-filled 
power supplies. Industrial engineers will 
particularly appreciate the capability of 
not touching the circuit, which is also a 



Figure 1 



100 (lH 



1 I .1 — 



RED LED 
HIGH 
EFFICIENCY 



An LED and an inductor make a simple probe 
for testing power-on of the supply. 



useful feature when testing boards that 
operate without insulation from the 
mains. 

For optimum performance, use a very 
bright-red LED. Other colors feature 
greater forward voltages, which reduce 
the sensitivity. You are not restricted to 
surface-mount LEDs, although this type 
helps by keeping the probe small and 
rugged. 



Is this the best Design Idea in this 

issue? Vote at www.ednmag.com/edn 
mag/vote.asp. 
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Single chip detects optical interruptions 



Frederick M Baumgartner, FM Broadcast Services, Parker, CO 



Setting up a light beam and detector 
to count objects on a conveyer belt, 
sense security intrusions, or drive a 
tachometer is simple. However, the task 
is no longer trivial if you add ambient 
light or multiple beams, limit optical 
power, or extend the distance of the light 
beam more than a few inches. You can use 
optical lenses and filters and high-power 
optical sources on the light-path side to 
improve performance. On the electronic 
side, servo-bias control of the detector 
and electronic modulation and filtering 
of the light beam can add considerable 
range. The circuit in Figure 1, which you 
can use with these performance im- 
provements, economically provides a 
minimal-parts-count circuit with negli- 
gible power requirements to achieve ap- 
proximately a foot of useful range even 
under varying ambient-light conditions. 
The venerable LM567 PLL is the only 



IC in the circuit. The 567's oscillator di- 
rectly drives an infrared LED on the op- 
tical-transmitter end. When the pulsed 
light returns to the IR phototransistor, a 
single-stage 2N2222 transistor amplifies 
the resultant signal to drive Pin 3 of the 
LM567. Thus, the circuit essentially di- 
rects the PLL to lock to itself, which 
makes Pin 8 go low. The values of R, and 
C, provide operation of approximately 3 
kHz, and the filters set by C 2 and C 3 pro- 
vide a clean output from the 567. Oper- 
ation from 2 to 5 kHz works best. Lower 
frequencies require more conditioning 
and thus larger and more critical values 
of C 2 and C 3 , resulting in longer response 
times and possible jitter. Higher frequen- 
cies result in lower efficiencies for the 
cheap LED and phototransistor. Howev- 
er, tachometers may require higher fre- 
quencies. IR components are unneces- 
sary. Two same-color LEDs (one for the 



photo detector) also work to a degree. 

Ambient light or another beam break- 
er's IR light doesn't false-trigger the cir- 
cuit unless significant near- frequency 
light content exists. However, ambient 
light can swamp the detector, so you may 
need to adjust the R, bias for your appli- 
cation. Of course, using a self-adjusting 
module with IR filters can easily increase 
the range by two orders of magnitude. 

One interesting variation of the circuit 
is to use two or more devices on the same 
frequency, forming a ring. All devices 
lock, and both ends detect a break in any 
beam or a modulation of the frequency 
of any device for communication. 



Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn 
mag/vote.asp. 



Figure 1 




"J" 0.047 n.F 



A light-beam-breaker detector uses just one IC and a few external components. 
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Programmable source powers dc micromotors 

VK Dubey, JP Rao, and P Saxena, Centre for Advanced Technology, Indore, India 



T 



he circuit in Figure 1 is a simple, 
economic, compact, and 
tricky way of using the LM723 
as a programmable voltage source to 
drive dc micromotors. Because of the 
[LPs' accurate positioning and control, 
these motors are useful in applications 
such as optical mounts and flexible shaft 
control, which take advantage of the 
higher speed and fast movement of servo 
controls compared with stepper motors. 
These designs require a stable, program- 
mable dc-voltage source. 

The LM723 is a fixed linear regulator, 
but this application configures the regu- 
lator as a programmable voltage source. 
You can set the output to a value of 200 
mV to 6V. The output, an emitter-fol- 
lower type, provides low output imped- 
ance. The circuit limits the maximum 
output current to the load, or the motor, 
at 75 mA. The output of an 8-bit DAC 
and a current/voltage converter provide 
a variable reference voltage. At the non- 
inverting input of the LM723, you need 
to adjust the value of R, so that the max- 
imum reference voltage does not exceed 
8.5V. Because the reference voltage comes 
from an external source, the circuit does- 




20 40 60 80 



101 121 141 161 181 201 221 241 
DAC CODE 



The DAC-code versus encoder-frequency, or speed, curve is linear. 



n't use the internal voltage reference of 
the LM723. The circuit also incorporates 
short-circuit current limiting and remote 
shutdown. Varying the output voltage 
changes the speed of the motor that con- 
nects across the output. 

You adjust the minimum output volt- 
age of 200 mV by offsetting the DAC out- 
put with zero data, and successive DAC 
input codes increase the voltage-source 
output to 6V. You can use a single-chip 
p,C for controlling the speed through the 
DAC, the direction, and the brake. The 
no-load maximum speed is 15,100 rpm. 
By attaching a reduction gear-head with 
a ratio of 529-to-l, the maximum fre- 



quency from the magnetic encoder in re- 
sponse to maximum speed is 2.8 kHz. 
The circuit feeds back this signal to the 
u.C to measure the speed. The linearity of 
the voltage source is good over a voltage, 
temperature, and speed range (Figure2). 
With only slight modifications in com- 
ponent values and ratings, you can use 
this same LM723 configuration in other 
similar applications for higher output 
voltages. 



Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn 
mag/vote.asp. 
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ADJUSTMENT 









BC547 



NOTES: 

RELAY=TWO-CHANGEOVER REED RELAY. 

M0T0R=FAULHABER DC MICROMOTOR TYPE 1219-006 G, MICRO-ENCODER TYPE 30B. 

Configuring an LM723 as a programmable voltage source provides a variable dc source for driving dc micromotors. 
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output voltage as a function of I 
shunt current {Figure 
2). 



Figure 2 



If R ( and R 4 are equal, the 
overall transfer function is: 



V, 



OUT 



= 0.01«R,»R 2 . 
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VOLTAGE 

(V) 



^SHUNT 

Three parameters let you 
modify the circuit to monitor 
other maximum load currents 
and output a different voltage 
range. The maximum lC t out- 
put current is 1.5 mA, so the 
maximum allowed shunt volt- 
age is 1 50 mV. Also, the maxi- 
mum allowed photodiode 
current is 50 u.A. Choose an Rj 
value that produces 1 50 mV at 
the maximum load current 
that the circuit monitors. 
Then, choose an R 2 value that 
produces the desired corresponding 
maximum output voltage at 1.5 mA. 
Match R 3 and R 4 , and choose a value that 
allows less than 50 p,A through the pho- 
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The output voltage versus shunt current is linear. 



todiode at the maximum desired 
voltage, or 

n ^ V OUT 



output 



The circuit output then 
faithfully reproduces the 
voltage across R,. The 
MAX4162 op amp is a 
good choice for this cir- 
cuit because of its input- 
bias current of 1 pA, its 
rail-to-rail input and out- 
put swings, and its ability 
to operate from one 9V 
battery. With R^-ISU 
mfiandR, = 3.32kn, the 
output voltage for I SHUNT 
= 1A is 4.80V using the 
given transfer function. 
Experimental results at 
W, = L00A 8iveV OUT = 
4.84V with an error less 
than 1%. 



_MAX 



50x10" 



Is this the best Design Idea in this 
issue? Vote at www.ednmag.com/edn 
mag/vote. asp. 
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Low System Cost and High Power Output? 

Introducing TOPSwitch-GX 

The world's FIRST full featured, monolithic high-voltage power conversion IC capable 
of providing output power levels up to 250 W. Lower your system cost while 
improving design flexibility, performance, and energy efficiency. 



Features Include: 



•Soft-start, programmable current limiting, input 
under-voltage and over-voltage protection, 
thermal shutdown, and frequency jittering (to 

reduce EMI). 

'EcoSmarf technology reduces energy con- 
sumption, especially in "stand-by," "no-load," and 
"remote-off" conditions. 



OUTPUT POWER TABLE 
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6.5 W 


10W 


TOP242Y 


10W ' 


22 W 


7W 


14W 


TOP243P or G 


13W 


25 W 


9 W 


15W 
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TOP244P or G 


16W 


30 W 


11 W 
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125 W 
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55 W 
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70 W 


155W 
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120 W 


250 W 


80 W 


180W 






Enter 5 at 
www.ednmag.com/infoacceES.asp 
Data Sheet, Application Notes, & Design Kit 
available at: www.powerint.com 




5245 Hsllyer Avenue 
San Jose, CA 95138 
(408)414-9200 - Phone 
(408) 414-9201 'Fax 
www.powrerint.com 
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Optocoupler extends high-side current sensor to 1 kV 



Roger Griswold, Maxim Integrated Products, Sunnyvale, CA 



The task of sensing dc current at 
high voltage is often problematic. 
Most high-side current-sensing ICs 
available off the shelf are good only to 30 
or 40V. Combining an optocoupler with 
such an IC yields a sensing circuit in 
which the only limitation of the high-side 
voltage is the optocoupler 's standoff volt- 
age (Figure 1). 

A precision, high-side current-sense 
amplifier, IC,, and a high-linearity analog 
optocoupler, IC 3 , extend the high-side 
working voltage to 1000V dc. IC 3 sup- 
ports a continuous 1000V dc. Its UL rat- 
ing is 500V rms for 1 minute, and its tran- 
sient surge rating is 8000V dc for 10 
seconds. You should follow all proper 



safety precautions when working with 
high voltage. 

The circuit has a floating section and 
a grounded section, each requiring a lo- 
cal low-voltage supply. The floating sec- 
tion detects load current and drives the 
high-voltage side of the optocoupler. The 
grounded section monitors the optocou- 
pler's low-voltage side and outputs a volt- 
age proportional to the high-side load 
current. IC 3 has a feedback photodiode 
on the high-voltage side that virtually 
eliminates the LED's nonlinearity and 
drift characteristics. In addition, IC 3 's two 
closely matched photodiodes ensure a 
linear transfer function across the isola- 
tion barrier. 



During operation, the load current 
passes through shunt R, and produces a 
small voltage. IC, monitors this voltage 
and outputs a proportional current of 10 
mA/V. This proportional output current 
routes through R^ which produces a volt- 
age proportional to the main load cur- 
rent. The rest of the circuit generates a 
copy of the voltage across R 2 but on the 
low-voltage side of the optocoupler. IC 
monitors the voltage across R 2 and drives 
the optocoupler 's LED via Q,. The LED 
generates light that impinges equally on 
the high- and low-side photodiodes. IC 4 
monitors the low-side photodiode and 
outputs a voltage proportional to the 
high-side load current. A graph shows the 
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ISOLATION BARRIER 
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The ground-referenced output voltage, V 0UT - 
currents to IA. 



(4.80V/ A), is proportional to the high-side load current As configured, the circuit measures load 
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